INTRODUCTION {#sec1-1}
============

Lung cancer has been the most common cancer in the world for several decades. According to the Global Burden of Cancer Study (GLOBOCAN) 2012 report, there are estimated to be 1.8 million new cases in 2012 (12.9% of the total), 58% of which occurred in the less developed regions. India had 53,728 new lung cancer cases in males and 16,547 new lung cancer cases in females, with the corresponding mortality rates of 13.7 and 4.6%, respectively.\[[@ref1]\] More than three quarters of the lung cancer patients present in an advanced stage (stage IIIB and IV) at diagnosis, resulting in higher mortality rates.\[[@ref2]\]

The two major forms of lung cancer are non-small cell lung cancer (NSCLC), accounting for about 85% of all lung cancers and small-cell lung cancer (SCLC).\[[@ref3]\] NSCLC patients can be further categorized broadly into squamous and non-squamous (adenocarcinoma, large cell carcinoma) histologies. Recent advances in our understanding of lung cancer biology have led to personalized therapies based on the molecular characteristics of the tumor, targeting specific genes and pathways. One such pathway that is deregulated in some NSCLC patients, particularly nonsmokers, is the epidermal growth factor receptor (EGFR) signaling pathway. The EGFR is a receptor tyrosine kinase of the v-erb-b2 erythroblastic leukemia viral oncogene homolog 2 (ErbB) family, which includes ErbB1 (or HER-1 or EGFR), ErbB2 (or HER-2/neu), ErbB3 (or HER-3), and ErbB4 (or HER-4).\[[@ref4]\] Autophosphorylation and transphosphorylation of the receptors through their tyrosine kinase domains lead to the recruitment of downstream effectors and the activation of several signaling pathways, including Ras-Raf-Mek and the pathway consisting of phosphoinositide 3-kinase (PI3K), Akt, and the mammalian target of rapamycin (mTOR), which in turn may have an effect on the proliferation, survival, invasiveness, metastatic spread, and tumor angiogenesis, through pathways that are either dependent on or independent of the hypoxia inducible factor (HIF).\[[@ref3][@ref5]\]

Several investigators across the world independently identified activating somatic mutations in the kinase domain of EGFR in NSCLC patients, ranging from 10% in the United States to 30--50% of the specimens from patients in Asia. The mutations occur with a significantly higher frequency in women, nonsmokers, and those with adenocarcinoma. EGFR positive lesions show exquisite sensitivity to EGFR tyrosine kinase inhibitors like gefitinib and erlotinib, and thus appear to explain most of the dramatic responses to these agents. The most common activating mutations in the kinase domain of EGFR are exon 19 deletions that eliminate a leucine--arginine--glutamate--alanine motif and point to mutations at codon 858 in exon 21, resulting in the substitution of arginine for leucine (L858R). Tumors with activating mutations in the EGFR are highly dependent on continued EGFR signaling for proliferation and survival, which is also precisely the reason for their exquisite sensitivity to EGFR TKIs. EGFR mutations are associated with an improved prognosis in NSCLC, even when treated with chemotherapy. The Iressa Pan-Asia Study (IPASS) in Asia\[[@ref6]\] and other randomized controlled trials in advanced NSCLC\[[@ref7][@ref8][@ref9]\] have confirmed EGFR-activating mutations as the main predictor of the clinical outcome of TKI therapy with Geftinib or Erlotinib, for NSCLC. We carried out this study to determine the prevalence of EGFR mutations in non-squamous non-small cell lung cancer (NS-NSCLC) and their correlation to TKI therapy in the Indian subpopulation.

MATERIALS AND METHODS {#sec1-2}
=====================

This is a retrospective analysis of all NS-NSCLC patients, who were treated in the Department of Medical Oncology at our institute for a three-year period, between January 2011 and December 2013. The demographic, clinical, and treatment details were retrieved from the patients' case records from the Tumor Registry. Deoxyribonucleic acid (DNA) sequencing for activating EGFR mutations in exons 18 through 21 was performed on paraffin-embedded tissue/cell blocks prepared from biopsy, fine needle aspiration cytology (FNAC), and pleural fluid cytology specimens of patients with a pathological diagnosis of NS-NSCLC, as part of the initial workup. The EGFR mutational status was assessed and correlated with the clinical and pathological parameters, including age, gender, smoking status, histology, stage of disease, and treatment. All the patients were staged according to the American Joint Committee on Cancer (AJCC) TNM staging manual, Seventh edition.\[[@ref10]\] Response to therapy, adverse effects recorded during the follow up visits during treatment, and after completion of therapy were obtained from the case records. This protocol was approved by the Institutional Ethics Committee (IEC).

Statistical analysis {#sec2-1}
--------------------

Graph pad prism version 6 and Microsoft office 2010 were used for statistical analysis. The association between EGFR mutations, sex, smoking status, histology, and stage of the disease were evaluated using the Chi-square test. The differences in progression free survival (PFS) and overall survival (OS) between the two groups were compared using the Kaplan-Meier curves and log-rank tests.

RESULTS {#sec1-3}
=======

Baseline characteristics of the patients are represented in [Table 1](#T1){ref-type="table"}. A total of 147 NS-NSCLC patients were screened for the presence of activating EGFR mutations during the three-year period. The median age of the study cohort was 56 (range 30--80) years, with more than half (58%) of the patients in the 40 to 60 years age group \[[Figure 1](#F1){ref-type="fig"}\]. Males constituted about 60%, whereas, females constituted 40%. Most of the patients (95%) presented in an advanced stage of the disease, with adenocarcinoma being the predominant histology.

###### 

Demographic, clinical, and EGFR mutation status
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Out of the 147 samples sent for EGFR mutational analysis, 36 specimens (biopsy specimens - 11 and cell blocks prepared from FNAC and pleural fluid - 20 and 5, respectively) had insufficient tumor tissue for the test to be performed \[[Figure 2](#F2){ref-type="fig"}\]. Of the evaluable 111 patients, any one of the activating EGFR mutation was detected with a frequency of 30.6% \[[Figure 3](#F3){ref-type="fig"}\]. The most common EGFR activating mutations observed were in frame deletions in exon 19 (71%) and a missense mutation L858R in exon 21 (25%). Overall the EGFR mutations were significantly higher in females as compared to males (44% vs. 19.6%, Fisher\'s exact two-tailed test, *P* = 0.0072). Nonsmokers had significantly higher mutations than smokers (41% vs. 12%, Fisher\'s exact two-tailed test, *P* = 0.0013). The EGFR mutations did not correlate with the histology and stage of the disease \[[Table 2](#T2){ref-type="table"}\].
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###### 

EGFR mutation and clinical correlates
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The estimated progression-free survival (PFS) of the patients harboring activated EGFR mutations treated with first-line TKIs was 12 months, whereas, in those patients with wild-type EGFR it was three months, *P* \< 0.0001 by log rank test \[[Figure 4](#F4){ref-type="fig"}\]. Similarly the estimated overall survival \[[Figure 5](#F5){ref-type="fig"}\] was also significantly higher for patients with EGFR mutations as compared to those without (20 months vs. 9 months, *P* = 0.0002 by the log rank test). Skin rash (52%) and diarrhea (38%) were the most frequently observed toxicities in our study.

![Estimated median PFS for the EGFR mutant patients was 10 months, while the estimated median PFS for EGFR mutation negative patients was three months, *P* \< 0.0001 by log rank test (Mantel Cox)](LI-32-561-g006){#F4}

![Estimated median OS for EGFR mutant patients was 20 months, while the estimated median OS for EGFR mutation negative patients was nine months, *P* = 0.0002 by the log rank test (Mantel Cox)](LI-32-561-g007){#F5}

DISCUSSION {#sec1-4}
==========

The discovery of EGFR mutations in NSCLC and the dramatic response to TKIs is a major breakthrough achieved in the management of NSCLC patients in the last decade. Multiple prospective studies have convincingly demonstrated that activating mutations in the EGFR tyrosine kinase domain, especially in the frame deletions in exon 19 and a missense mutation, L858R, in exon 21, are the best predictors of the response and survival benefit with EGFR TKIs.\[[@ref6][@ref7][@ref8]\] Many centers across the world and in India have now incorporated evaluation of the EGFR mutation status in the initial management algorithm of NS-NSCLC patients. The prevalence rates of EGFR mutations in NS-NSCLC vary widely across different ethnicities. It has been reported to be in the rate of 10 -- 15% in North Americans and Europeans, 26 -- 30% in various East Asian series, including Chinese, Koreans, and Japanese.\[[@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\] We report a prevalence rate of 30%, whereas, few studies from India have reported mutation rates varying from 35 to 51.8%.\[[@ref17][@ref18][@ref19][@ref20][@ref21][@ref22]\] Mutations have been found to be highly co-existent with adenocarcinoma histology, women, and nonsmokers. Mutations in EGFR, in our study, are found to be higher in patients with adenocarcinoma histology, but it has not reached a statistical significance. However, females (44%) and nonsmokers (41%) have significantly higher mutation rates than men and smokers, respectively. These findings are in concordance with the results world over. Out of all the patients with an activating EGFR mutation, females account for about two-thirds (64%) and nonsmokers account for 84%.

According to a study done by Sandra P. D' Angelo, 31% percent of all EGFR mutations would be missed if testing were restricted to women, 40% would be missed if testing were restricted to persons who had never smoked, and 57% would be missed if testing were restricted to women who never smoked cigarettes.\[[@ref23]\] In the present study, about 36% of all EGFR mutations that would benefit from TKI therapy could have been missed if testing was restricted to females and about 16% could have been missed if the test was confined to nonsmokers, thus supporting the growing consensus all over the world that all patients with a pathological diagnosis of NS-NSCLC should undergo mutation testing at diagnosis, if the tissue is available.\[[@ref23]\] With regard to the frequencies of the type of EGFR mutations observed in our study, 71% of the patients had an in-frame deletion in exon 19, 25% had the L858R missense mutation in exon 21, and only 4% patients had the G719C point mutation in exon 18. According to the published literature, approximately 45 to 54% of EGFR mutations are in-frame deletions in exon 19 and 40% of the EGFR mutations are missense mutations in L858R, in exon 21, and between 4 to 9% of the mutations are reported in exon 20.\[[@ref6]\]

EGFR TKIs are now accepted worldwide as a standard first-line therapy for patients with activating EGFR mutations.\[[@ref24][@ref25]\] Regarding the survival analysis, in our study, the estimated PFS for patients with EGFR mutation treated with TKIs was significantly longer at 12 months, as compared to three months for EGFR-negative patients treated with first-line TKIs, *P* \< 0.0001 by the log rank test. The longest PFS for an EGFR wild-type patient noted in our study was 26 months, whereas, for mutated patients, it was 32 months. The estimated median overall survival (OS) of patients on first-line TKI with EGFR activating mutations was significantly longer at 20 months, as compared to an estimated median OS of nine months for EGFR-negative patients, *P* = 0.0002 by the log rank test. Our results were comparable to the recently published data by Noronha *et al*., who reported a median PFS of four and ten months, respectively, for the EGFR wild-type and EGFR mutated patients on TKIs. The median OS reported in that study was 21 and 10 months, respectively, for the patients with mutated and wild-type EGFR.\[[@ref18]\] Bhatt *et al*. reported a PFS of 11 months in EGFR mutated patients treated with first-line TKIs.\[[@ref22]\] Maemondo *et al*. reported a PFS of 10.8 months and an OS of 30.5 months following Gefitinib therapy.\[[@ref7]\] The reason for the varying survival rates to TKI therapy among patients who do not harbor an EGFR activating mutation, may be due to the lack of availability of highly sensitive methods to detect the EGFR mutation. It is very likely that few patients who are labeled as EGFR wild-type might in reality harbor an activating mutation, which is not detected by the available methods. The toxicity profile in our patients was similar to that described in the literature. Skin rash was the major toxicity noted, which occurred in 52% of the patients, followed by diarrhea in 38% of the study subjects. The landmark study IPASS, reported skin rash and GI toxicity in 66 and 47% of the patients on Geftinib, respectively.\[[@ref6]\] Ours being a retrospective analysis, a lesser number of side effects have been noted, as compared to other published literature.

To conclude, the prevalence of activating EGFR mutations and their clinical correlations in our study are comparable to those previously published and Indian patients with EGFR mutations have a significantly better response rate, progression free survival, and overall survival when treated with EGFR-targeted therapies. These data dictate that EGFR mutation analysis should be incorporated in the early management algorithm of NS-NSCLC patients. More sensitive techniques are needed to identify this subset of patients, who show dramatic responses with a tolerable side effect profile to oral TKI therapy.
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